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Introduction
Radioactivity measurement of air particulates collected on filter is a standard method in environmental monitoring. A particular interest has been focussed on 210Pb air concentration evaluation both as a tracer to study atmospheric aerosol transport and for its contribution to population dose from internal irradiation. Airborne activity of 210Pb (T1/2=22.3 y), a daughter product in the 238U decay series, is mainly produced by the short-lived decay products of Radon (222Rn, T1/2=3.8 d), inert radioactive gas emanates from soils and building materials into the atmosphere. Once produced, 222Rn short‑lived daughters (218Po, T1/2=3.05 min; 214Pb, T1/2=26.8 min; 214Bi, T1/2=19.9 min) and 210Pb become attached to the aerosols particles and their concentrations vary as a result of the movement of air masses.
The most widespread measurement techniques adopted to evaluate 210Pb air activity concentration differ in analysis and sample preparation methods. The availability of high‑volume air samplers and a low background planar HPGe detector, suitable to measure low energy gamma-ray emission of 210Pb (46.5 keV), allows direct -ray spectrometric measurement of particulate samplings after a short decay period. 
The sampling and measurement methods besides the -ray spectrometric systems have already been reported in previous works (Cannizzaro, 1999, 2001). Total 210Pb activity on filter is determined trough the value of 46.5 keV photopeak area in a gamma-ray spectrometric measurement carried out a few days from the sampling. Total 210Pb activity can be considered due part to 210Pb airborne activity (210Pbair) and part to the ingrowth on filter of the number of 210Pb nuclei for decay of radon products during and after the sampling (210PbRn). The last part varies in relation to sampling location, outside or inside, and can be determined by means of a gamma‑ray spectrometric measurement (or a series) carried out with a p-type HPGe detector after a complete decay of 218Po atoms. So, it can be evaluated the 214Bi and 214Pb atom number  deposited on the filter that, after about a day, can be considered as 210PbRn. For routine measurements, this procedure can be quite complex. Alternatively, the 210PbRn contribution can be related to radon concentration measured in the same time of the sampling. 
Outdoor and indoor experimental tests have allowed obtaining a range of 2÷20 per cent for 210PbRn activity percentage on a filter, with few higher values related to very low 210Pb air activity concentration or high 222Rn concentration. Uncertainties related to sampling and measurement efficiency, air concentration variations, sample density and so on, are also evaluated.  






Outdoor particulate samplings were collected on cellulose filter paper by means of a high‑volume air sampler (OPS) with a capacity of about 18,000 m3 per day (Agelao, 1979, Cannizzaro, 2004). Air sampling is performed with a flow‑rate of about 900 m3 h‑1. Particulate collection was performed by suction of atmospheric air through 45cm×45cm Sofiltra‑Poelman HYN-75 (Bleu type) cellulose filter paper mounted vertically about 20 m above the ground level using OPS located on the roof of department. The filter, after the sampling, was cut into strips, folded and pressed to obtain a “packet-sample” geometry with 6x6x0.7 mm dimensions. 





The air particulate samples were analyzed by two gamma-ray spectrometric systems with HPGe detectors. For 210Pb activity measurement, we used an ORTEC™ GLP Series Planar HPGe LEPS detector, 1000 mm2 active area and 7 mm depth, with a 0.254 mm thick beryllium window. The energy resolution (FWHM) is 440 eV at 5.9 keV and 620 eV at 122 keV. For radon daughters activity measurements a coaxial ORTEC GEM18180 detector  with 18% relative efficiency, 2 keV FWHM for the 1332 keV peak was also considered. 
Each detector is coupled to an ORTEC 672 amplifier and an ORTEC 919E EtherNIM multichannel Buffer connected into an Ethernet environment. Data analysis was performed using EG&G ORTEC Gamma Vision version 6.06 software. In order to evaluate 210PbRn, a first -ray spectrometric measurement on the sample (or a series of measurements) was performed after a minimum decay time period from the end of sampling. Successively, a second -ray spectrometric measurement after a few days from the sampling, with reference to 46.5 keV -emission of 210Pb was carried out. 

Efficiency evaluation  

The 46.5 keV efficiency evaluation was performed by measuring a calibrated disk source of 210Pb-210Bi, 2.5 cm active diameter. In Fig. 1 is sketched  the procedure adopted for efficiency determining. A blank filter was cut into 16 parts, with the same technique of the experimental samples. To improve counting statistics and avoid a significant data spreading, the foils are grouped in pairs. The disk source was put on a growing number of strips to simulate a flat source distributed on the last layer of the sample. On each layer of the blank samples almost five measurements were realized following the scheme reported in Fig. 1 b). By combining the countings and the areas behind the source, also including overlaps, we can deduce an efficiency value for each layer of the sample. An integration of efficiency values obtained for each layer leads to get the value of 2.5±0.12 ×10-3 counts per Bq (5.4±0.3×10-2 counts per 46.5 keV photon), very close to the value of 2.27×10-3 counts per Bq obtained with other techniques (Cannizzaro, 2001). 


Figure 1.- Sketch of the efficiency measurement layout: a) disk source positioning on the blank filter strips and b) the position of measurements. 









Figure 2.-  Gamma-ray spectrum detected on a blank filter with LEPS spectrometric system. 


Radon concentration  measurements

During the samplings, the ambient radon concentration level (CRn) was also monitored by a Genitron ALPHAGUARD P2000Q Monitor (Minimum detectable concentration: 2 Bq m-3). The monitor was placed near the high-volume sampler or, when the portable samplers were used, in the same checked room. 
The measurement of CRn may be useful to determine radon Equilibrium Equivalent Concentration (EEC) through the knowledge of the equilibrium factor (FEQ) being the EEC related both to radon and decay product concentrations as EEC=CRn * FEQ  or to decay progeny activity concentrations. To evaluate the equilibrium factor FEQ near the sampling system, simultaneous measurements of radon concentration by a SILENA PRASSI and of the Working Level (WL), a quantity related to the concentration of the decay products, by a device SILENA 4S  were performed.

Results and Discussion 

Air particulate 210Pb concentration evaluation 





Figure 3.-  Gamma-ray spectrum detected on a filter with LEPS spectrometric system. 

However, 210Pb total activity does not provide the value of the 210Pb air concentration, as a fraction of the activity can be attributed to radon product decay on filter. As mentioned in introduction, the best way to evaluate 210PbRn activity is to determine experimentally the number of 214Pb or 214Bi nuclei on filter. In Fig. 4 is reported the spectrum detected on a particulate sample after about 10 minutes from the sampling. 
Because of short half-lives of radon daughters, this procedure is reliable only for short time period of sampling (1-2 h). Furthermore, for routine monitoring can be difficult to perform a gamma-ray measurement immediately after sampling. Thus, a different approach on evaluating 210PbRn activity by using EEC values can be considered. A relation between EEC values (or related radon concentration) and 210PbRn  activity has been derived in (Rizzo and Tomarchio, 2007) by means of some mathematical formulations. The experimental evaluation of EEC values is a difficult task, since it is needed to measure simultaneously radon and radon daughters concentrations. It would be easier to measure experimentally radon concentration and compute EEC values assuming the mean values of FEQ reported in (UNSCEAR, 2000), i.e. 0.6 and 0.4 for outdoor and indoor samplings, respectively. The values computed with the abovementioned methods are generally comparable, taking into account also the large statistical fluctuation of the measurements. Therefore, the evaluation of 210PbRn activity through ‑ray spectrometric measurements of short-lived radon daughters or by means of EEC evaluation represent valid alternative methods. 








Uncertainties associated with particulate sampling and measurements are already discussed in (Heydorn, 2004; Makarewicz, 2005). In this work, the counting times have been chosen so that to have the counting uncertainties  never more than 20% even in case of low activity. The positioning error is avoided by adopting as measurement geometry a Plexiglas box inside which is placed the filter contained in a polyethylene bag. The cellulose filter efficiency is assumed constant and equal to 75 per cent for all the samplers. Measurements performed on samplings carried out with two filters, mounted one in front of the other, pointed out an efficiency value of 76%±5.5% for 210Pb, 74%±5.9% for 214Pb, 76%±5.2% for 214Bi, with a very good agreement with the value of 75% furnished by factory (Sofiltra Poelman HYN‑75). Indoor and outdoor air radon concentrations go up/down in value quite rapidly either during a long time period or during a day. The assumption of radon and radon daughter concentrations constant is valid only for short collection time, while, for longer time samplings, a reference mean value can be adopted with larger uncertainties on air concentration values.  
As regards the air flow rate of the sampling systems, were carried out some experimental measurements. It points out a quasi-linear time variation of air-flow rate for high-volume sampler, with a decrease less than 2 per cent during a first hour, whereas is almost constant for the portable samplers. 
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